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(57) ABSTRACT

A method of manufacturing a semiconductor device is pro-
vided. The method comprises a first step of forming a first
hole opened to a side of a first surface of a semiconductor
substrate, the semiconductor substrate including the first sur-
face and a second surface opposite to the first surface, a step
of filling the first hole with an insulating member, a step of
forming, on the first surface, an insulating film that covers the
insulating member, a step of forming a second hole in the
insulating film and the insulating member, a step of filing the
second hole with a conductive member, a step of thinning the
semiconductor substrate from the side of the second surface
of the semiconductor substrate so as to expose the insulating
member.

9 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method of manufacturing the same.

2. Description of the Related Art

Concerning formation of an electrode extending through a
silicon substrate, when forming an opening to pass the elec-
trode, the opening is formed simultaneously in an interlayer
dielectric film and the silicon substrate using a photoresist as
a mask. After the opening formation, the photoresist is
removed. In the above-described manufacturing method,
however, a deposit generated from the silicon substrate and a
deposit generated from the interlayer dielectric film, which
are generated at the time of opening formation, mix and
adhere to the photoresist. The adhered deposit mixture makes
photoresist removal after that difficult.

To prevent this, Japanese Patent Laid-Open No. 2011-
199314 discloses a manufacturing method of forming an
opening in an interlayer dielectric film using a photoresist as
a mask, removing the photoresist, and then forming an open-
ing in a silicon substrate using the interlayer dielectric film as
a hard mask. According to this manufacturing method, since
the opening is formed only in the interlayer dielectric film
using the photoresist as a mask, the deposits do not mix, and
the photoresist can easily be removed.

SUMMARY OF THE INVENTION

In the manufacturing method of Japanese Patent Laid-
Open No. 2011-199314, the interlayer dielectric film is also
etched upon etching the silicon substrate, and the edge of the
hole in the interlayer dielectric film is rounded, and the open-
ing becomes larger. When the distance between through elec-
trodes is reduced, the rounded edge may cause a short circuit
in the wires or electrode portions. Hence, the distance
between the through electrodes cannot be made short, and
micropatterning is impossible. According to an aspect of the
present invention, there is provided a technique more advan-
tageous in simplifying and stabilizing steps in the semicon-
ductor manufacturing method of forming a through electrode.

According to some embodiments, a method of manufac-
turing a semiconductor device is provided. The method com-
prises a first step of forming a first hole opened to a side of'a
first surface of a semiconductor substrate, the semiconductor
substrate including the first surface and a second surface
opposite to the first surface, a step of filling the first hole with
an insulating member, a step of forming, on the first surface,
an insulating film that covers the insulating member, a step of
forming a second hole in the insulating film and the insulating
member, a step of filing the second hole with a conductive
member, and a step of thinning the semiconductor substrate
from the side of the second surface of the semiconductor
substrate so as to expose the insulating member.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are sectional views showing the sche-
matic arrangement of a solid-state image sensor serving as a
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2

semiconductor device according to an embodiment of the
present invention and a section of the peripheral portion of the
solid-state image sensor;

FIGS. 2A to 2F are sectional views showing steps in the
manufacture of the solid-state image sensor according to the
embodiment of the present invention;

FIGS. 3A to 3E are sectional views showing remaining
steps in the manufacture of the solid-state image sensor
according to the embodiment of the present invention; and

FIGS. 4A to 4E are sectional views showing remaining
steps in the manufacture of a solid-state image sensor accord-
ing to the second and third embodiments of the present inven-
tion.

DESCRIPTION OF THE EMBODIMENTS

The embodiments of the present invention will now be
described with reference to the accompanying drawings.

First Embodiment

FIG. 1A is a schematic sectional view of a semiconductor
device according to this embodiment. The semiconductor
device includes, for example, a solid-state image sensor such
as a CMOS image sensor. The embodiment of the present
invention will be described below using a solid-state image
sensor as an example of the semiconductor device. A semi-
conductor layer 100 is, for example, a silicon layer (silicon
substrate) and corresponds to a semiconductor substrate of
the present invention. A plurality of photodiodes 101 that are
photoelectric conversion portions constructing unit pixels are
formed in the silicon substrate 100. Each photodiode 101 is
formed from a p-n junction formed by injecting an n-type
impurity into the p-type silicon substrate 100.

An n-type semiconductor region 102 serving as a source or
drain region of a transistor or a floating diffusion FD and a
p-type channel stop portion configured to prevent signal
charges from flowing between the pixels are formed in the
silicon substrate 100. The first surface of the silicon substrate
100 is an element formation surface where a predetermined
semiconductor element is formed. A gate electrode 103 of a
transistor is formed on a gate insulating film made of, for
example, silicon oxide on the first surface. An interlayer
dielectric film 104 is formed on the first surface of the silicon
substrate 100 so as to cover the transistor. A wiring structure
106 including multilayers of metal wires 105 is formed on the
interlayer dielectric film 104. A protective film 107 is formed
on the wiring structure 106.

A support substrate 109 is provided on an adhesive layer
108 on the protective film 107. The support substrate 109 is
provided to increase the strength of the silicon substrate 100
and the entire solid-state image sensor. The support substrate
109 is formed from, for example, a semiconductor layer. A
dielectric film 110 capable of functioning as an anti-reflection
film is formed on the side of the second surface opposite to the
first surface of the silicon substrate 100. A light-shielding film
111 having opening portions corresponding to the portions of
the photodiodes 101 is formed on the dielectric film 110. A
protective film 112 is formed on the dielectric film 110 so as
to cover the light-shielding film 111. The protective film 112
is formed from, for example, a silicon oxide film. Color filter
layers 113 each of which passes only light in a desired wave-
length range are formed on the protective film 112. An on-
chip lens 114 configured to condense incident light on the
photodiode 101 is formed on each color filter layer 113.

Pads used to input/output external signals are provided
around the solid-state image sensor shown in FIG. 1A. FIG.
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1B is a sectional view showing details of the solid-state image
sensor in the peripheral portion where the pads are arranged.

As shown in FIG. 1B, the interlayer dielectric film 104 is
formed on the first surface of the silicon substrate 100. The
interlayer dielectric film 104 is formed from, for example, a
silicon oxide film or a silicate glass film. A conductive mem-
ber C10 is formed so as to extend through the silicon substrate
100 and the interlayer dielectric film 104. The conductive
member C10 is a through electrode that electrically connects
a pad P10 to be described later to a pixel portion or a periph-
eral circuit. A sidewall insulating member 115 configured to
electrically insulate the silicon substrate 100 from the con-
ductive member C10 is formed between the silicon substrate
100 and the conductive member C10. The conductive mem-
ber C10 is formed from a barrier metal C01 and a conductive
layer C02.

A contact plug C20 is further formed in the interlayer
dielectric film 104. The contact plug C20 is connected to the
gate electrode 103 or semiconductor region of the transistor
formed in the silicon substrate 100. The contact plug C20
connects the transistors of pixel portions or peripheral cir-
cuits. The contact plug C20 is formed from the barrier metal
C01 and the conductive layer C02, like the conductive mem-
ber C10.

The wiring structure 106 is formed on the interlayer dielec-
tric film 104. The wiring structure 106 includes an insulator
formed from an interlayer dielectric film, a diffusion barrier
film, or the like and the wires 105 formed in the insulator. The
insulator of the wiring structure 106 is formed from, for
example, a silicon oxide film. FIGS. 2A to 2F show an
example of a 3-layer wiring. The wires 105 are connected to
the conductive member C10 and the contact plug C20.

The protective film 107 is formed on the wiring structure
106. Although not illustrated in FIG. 1B, the support substrate
109 is provided on the adhesive layer 108 on the protective
film 107, as shown in FIG. 1A. The support substrate 109 is
formed from a silicon substrate. The dielectric film 110 is
formed on the side of the second surface of the silicon sub-
strate 100. The dielectric film 110 has a two-layer structure of,
for example, a silicon oxide layer and a silicon nitride layer.
The pad P10 connected to the conductive member C10 via an
opening in the dielectric film 110 is formed on the conductive
member C10 on the side of the second surface of the silicon
substrate 100. The pad P10 is formed from a barrier metal P01
and a conductive layer P02. The protective film 112 is formed
on the dielectric film 110. The protective film 112 has an
opening at a portion corresponding to the pad P10 to attain
electrical connection from outside.

A method of manufacturing the solid-state image sensor
according to the embodiment will be described next with
reference to FIGS. 2A to 3E. FIGS. 2A to 3E are sectional
views for explaining an example of a step of forming a pad
arrangement region shown in FIG. 1B.

First, as shown in FIG. 2A, mask patterning is performed
on the side of the first surface of a silicon substrate 100. The
silicon substrate 100 is etched from the side of the first surface
of' the silicon substrate 100 using the mask. A hole 116 (first
hole) is thus formed. Here, the first surface is assumed to be
the upper surface of the silicon substrate 100 shown in FIG.
2A. Note that the lower surface is the second surface. In the
etching step of forming the hole 116, the etching is stopped
halfway through the silicon substrate 100 in the depth direc-
tion. For this reason, the hole 116 opens to the side of the first
surface and is formed as a hole with a bottom formed from the
silicon substrate 100. At this time, the thickness of the silicon
substrate 100 is 100 to 1,000 pm. On the other hand, the
opening depth of etching is smaller than 100 um, for example,
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about 3 um. After that, an insulating film as a prospective
insulating member 117 is formed. The insulating film as the
prospective insulating member 117 is, for example, a silicon
nitride film or a silicon oxide film. The insulating film as the
prospective insulating member 117 is formed along the inner
wall of the hole 116, and the hole 116 is filled with the
insulating film. In addition, the insulating film as the prospec-
tive insulating member 117 is formed along the first surface.

Next, the insulating film as the prospective insulating
member 117 is polished and planarized by CMP or the like.
As shown in FIG. 2B, by etchback, the insulating film as the
prospective insulating member 117 is etched, and the insulat-
ing film remaining on the first surface outside the hole 116 is
removed to expose the first surface of the silicon substrate
100. The insulating member 117 is thus formed in the hole
116. Note that the insulating film may be removed by CMP
until the first surface is exposed. After that, transistors and
photodiodes that are various kinds of semiconductor ele-
ments forming the pixel portions and the peripheral circuits
are formed in the silicon substrate 100. After that, an inter-
layer dielectric film 104 that covers the transistors and the
photodiodes is formed on the first surface of the silicon sub-
strate 100. The interlayer dielectric film 104 covers the insu-
lating member 117 filling the hole 116 as well. A resist pattern
used to form a hole to bury a conductive member C10 is
formed on the interlayer dielectric film 104. The resist pattern
used to form the opening for the conductive member C10 is
formed into a diameter smaller than that of the hole 116.

As shown in FIG. 2C, the interlayer dielectric film 104 and
the insulating member 117 filling the hole 116 are dry-etched
using the resist pattern as a mask. A hole 118 (second hole) is
thus formed in the interlayer dielectric film 104 and the insu-
lating member 117. At this time, when the etching step is
stopped halfway through the insulating member 117, the hole
118 can be formed as a hole with a bottom formed from the
insulating member 117. Alternatively, etching may be per-
formed through the insulating member 117 so that the silicon
substrate 100 forms the bottom of the hole 118. At this time,
since the diameter of the hole 118 is smaller than that of the
hole 116, the insulating member 117 remains around the hole
118 and becomes the sidewall insulating member 115. The
sidewall insulating member 115 has a function of electrically
insulating the conductive layer buried in the hole 118 from the
silicon substrate 100. After the dry etching, the resist pattern
is removed.

As shown in FIG. 2D, a barrier metal C01 is formed so as
to cover the inner surface of the hole 118. After that, a con-
ductive layer C02 is formed so as to fill the hole 118. Then, the
extra parts of the conductive layer C02 and the barrier metal
C01 formed outside the hole 118, that is, on the interlayer
dielectric film 104 are removed. A part of the interlayer
dielectric film 104 may also be removed as needed. Etchback
or CMP can be used for removal. The conductive member
C10 formed from the barrier metal C01 and the conductive
layer C02 is thus formed in the hole 118.

Next, the interlayer dielectric film 104 is dry-etched using
a predetermined resist pattern to form a contact hole at the
formation position of a contact plug C20. After that, the resist
pattern is removed. As in formation of the conductive member
(10, the barrier metal C01 is formed so as to cover the inner
surface of the contact hole, and the conductive layer C02 is
formed so as to fill the contact hole.

As shown in FIG. 2E, the extra parts of the conductive layer
C02 and the barrier metal C01 formed outside the contact
hole, that is, on the interlayer dielectric film 104 are removed.
A part of the interlayer dielectric film 104 may also be
removed as needed. Etchback or CMP can be used for
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removal, as in formation of the conductive member C10. The
contact plug C20 formed from the barrier metal C01 and the
conductive layer C02 is thus formed in the contact hole.

As shown in FIG. 2F, a wiring structure 106 is formed on
the interlayer dielectric film 104. When forming the wiring
structure 106, a step of forming an interlayer dielectric film, a
step of forming a via hole in the interlayer dielectric film, a
step of forming a via plug inthe viahole, and a step of forming
awire 105 on the interlayer dielectric member are repetitively
performed. Each wire is connected to the contact plug C20 via
aplug.

As shown in FIG. 3A, a protective film 107 is formed on the
wiring structure 106. After that, a support substrate 109 is
bonded to the side of the first surface of the silicon substrate
100 via an adhesive layer 108. The support substrate 109 is
thus provided on the protective film 107 via the adhesive layer
108.

As shown in FIG. 3B, the silicon substrate 100 is polished
from the side ofits second surface and made thin. At this time,
the polishing step is performed until the sidewall insulating
member 115 filling the hole 116 is exposed to the side (same
side as the second surface) opposite to the first surface of the
silicon substrate 100. The sidewall insulating member 115
can function as a stopper in polishing. Note that from FIG.
3B, the structure turned upside down with respect to FIG. 3A
will be explained. As shown in FIG. 3C, a dielectric film 110
is formed on the side of the second surface of the silicon
substrate 100. The dielectric film 110 can be a multilayered
film formed from a silicon oxide layer and a silicon nitride
layer. However, the dielectric film 110 may be a single-lay-
ered film.

As shown in FIG. 3D, a resist pattern is formed on the
dielectric film 110 to form an opening in the dielectric film
110 on the conductive member C10. After that, the dielectric
film 110 and the insulating member 117 are dry-etched. After
the etching step, the conductive member C10 is exposed to the
side of the second surface of the silicon substrate 100. An
opening portion 119 reaching the conductive member C10 is
thus formed. Then, the resist pattern is removed. The opening
diameter of the opening portion 119 is smaller than that of the
conductive member C10 in this example, but may be larger.
An example has been explained here in which the opening
portion 119 is formed in the sidewall insulating member 115
as well, thereby exposing the conductive member C10. How-
ever, the conductive member C10 may be exposed in the
polishing step for making the silicon substrate 100 thin.

As shown in FIG. 3E, a barrier metal P01 and a conductive
layer P02 are sequentially formed to fill the opening portion
119. After that, a resist pattern is formed on the conductive
layer P02, and etching is performed to form a pad P10. At this
time, a light-shielding film 111 is simultaneously formed in
the pixels. Note that the diameter of the pad P10 is smaller
than that of the conductive member C10 in this example, but
may be larger.

After that, as shown in FIG. 1A, a protective film 112 that
covers the pad P10 and the light-shielding film 111 are
formed on the dielectric film 110. The protective film 112 is
formed from, for example, a silicon oxide film. The protective
film 112 can be either a multilayered film or a single-layered
film. Next, a color filter material is applied to the entire
surface and patterned, thereby forming a color filter layer 113.
A lens material is applied onto the color filter layer 113 and
patterned, thereby forming an on-chip lens 114. The color
filter layer and the on-chip lens are arranged only in the pixel
portions. For this reason, a resist pattern is formed, and the
color filter layer 113 and the on-chip lens 114 outside the
pixel portions are removed. Then, the protective film 112 on
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the pad P10 is removed by etching to expose the pad P10 to
input/output a signal from/to the outside. The solid-state
image sensor according to this embodiment is manufactured
in the above-described way.

According to the above embodiment, after a first hole is
formed in the silicon substrate, an insulating material is bur-
ied in the first hole, and an insulating film is further formed on
it, thereby easily forming a second hole to provide a conduc-
tive member. Since the interlayer dielectric film is not used as
ahard mask, it is possible to suppress etching of the interlayer
dielectric film upon etching the silicon substrate and rounding
of the edge of the hole in the interlayer dielectric film. It is
therefore possible to effectively prevent a short circuit in the
wires or electrode portions.

Second Embodiment

As in the above-described first embodiment, as shown in
FIG. 2A, a silicon substrate 100 is etched to form a hole 116.
After that, an insulating film as a prospective insulating mem-
ber 117 is formed. Unlike the first embodiment, the insulating
film as the prospective insulating member 117 is a multilay-
ered film formed from a plurality of types of insulating layers
different from each other. A first insulating layer 121 that is
the first layer of the multilayered film is formed along the
inner wall of the hole 116. To cover the inner wall of the hole
116, the first insulating layer 121 is formed so thin as not to fill
the hole 116. The first insulating layer 121 is, for example, a
silicon nitride layer. Here, for example, the first insulating
layer 121 is formed to about 50 nm. Next, a second insulating
layer 122 whose etching resistance is different from that of
the first insulating layer 121 is formed thicker than the first
insulating layer 121. The hole 116 is filled with the second
insulating layer 122. The second insulating layer 122 is, for
example, a silicon oxide layer. As in the first embodiment, the
extra insulating film outside the hole 116 is removed, thereby
forming the insulating member 117. FIG. 4A is a sectional
view at this time.

After that, as in the first embodiment, after an interlayer
dielectric film 104 is formed on the first surface of the silicon
substrate 100, a resist pattern used to form a conductive
member in the interlayer dielectric film 104 is formed. The
interlayer dielectric film 104 and the insulating member 117
filling the hole 116 are dry-etched using the resist pattern as a
mask. At this time, the etching step is stopped halfway
through the insulating member 117 in the depth direction,
thereby forming a hole 118 as a hole with a bottom formed
from the first insulating layer 121 or the second insulating
layer 122. The hole 118 is thus formed in the interlayer
dielectric film 104 and the insulating member 117. When the
bottom is formed from the second insulating layer 122, the
hole 118 extends through the second insulating layer 122 in
the depth direction to expose the first insulating layer 121. At
this time, the second insulating layer 122 may be etched under
a condition that the first insulating layer 121 serves as an
etching stopper. The opening of the hole 118 can be formed
inside the second insulating layer 122 filling the hole 116.
With this process, a structure can be obtained in which the
second insulating layer 122 exists around the hole 118, and
the first insulating layer 121 further exists around it. FIG. 4B
is a sectional view at this time. Note that the periphery of the
hole 118 may match that of the second insulating layer 122.
After that, the steps of FIGS. 2E to 3E are performed, as in the
first embodiment, and a solid-state image sensor according to
this embodiment is manufactured. The insulating member
117 formed from the first insulating layer 121 and the second
insulating layer 122 functions as an insulating protective film
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that electrically insulates a conductive layer C02 buried in the
hole from the silicon substrate 100.

In this embodiment, the hole 116 is filled with two types of
insulating layers having different etching resistances. Hence,
when forming the hole 118, even if side etching occurs, the
etching stops in the second insulating layer 122. Hence, the
insulating member 117 can reliably be left around the hole
118. This makes it possible to ensure insulation between the
silicon substrate 100 and a conductive member C10 buried in
the hole 118. When the thickness of the silicon substrate 100
increases, the amount of dry etching necessary to form the
hole 118 increases, and the amount of side etching inevitably
increases. In the second embodiment, even if the increase in
side etching occurs, the insulation between the silicon sub-
strate and the conductive layer buried in the through hole can
be ensured, and the stability of steps can be maintained. Note
that in this embodiment, two types of insulating layers having
different etching resistances are used in the insulating mem-
ber 117 filling the hole 116. However, the number of types of
insulating layers of the insulating member is not limited to
two, and three or more types of insulating layers may be used.

Third Embodiment

In this embodiment, the timing and direction of forming a
hole 118 are different from the first and second embodiments.
Asshownin FIG.4A, ahole 116 is formed from the side of the
first surface, and an insulating member 117 is formed, thereby
filling the hole 116, as in the second embodiment. Note that
the hole 116 may be filled with only one type of insulator, as
shown in FIG. 2B. After that, an interlayer dielectric film 104
is formed. Then, unlike the second embodiment, only a con-
tact plug C20 is formed without forming a conductive mem-
ber.

Next, the steps of FIGS. 2F to 3C including the thinning
step from the side of the second surface are performed as in
the second embodiment, and a dielectric film 110 is formed.
FIG. 4C is a sectional view at this time. With the thinning, the
insulating member 117 is exposed to the side of the second
surface of a silicon substrate 100, and the dielectric film 110
covers it. Next, a resist pattern is formed on the dielectric film
110 to open the hole 118. After that, the dielectric film 110
and the insulating member 117 are dry-etched for the side (the
side of the second surface) opposite to the side of the first
surface. After the etching step, a metal wire 105 is exposed to
the bottom of the hole 118. The hole 118 that is a hole with a
bottom and extends through the dielectric film 110, the insu-
lating member 117, and the interlayer dielectric film 104 is
thus formed. At this time, the resist pattern is formed inside
the outer diameter of the insulating member 117 filling the
hole 116. Hence, a sidewall insulating member 115 as part of
the insulating member 117 exists around the hole 118. The
sidewall insulating member 115 electrically insulates a con-
ductive member formed by burying a conductive material in
the hole 118 for the silicon substrate 100. After the etching
step, the resist pattern is removed. FIG. 4D is a sectional view
at this time.

A barrier metal P01 and a conductive layer P02 are sequen-
tially formed to fill the hole 118. After that, a resist pattern is
formed on the conductive layer P02, and a pad P10 is formed.
At this time, a light-shielding film 111 (not shown) is also
simultaneously formed in each pixel. When burying the bar-
rier metal P01 and the conductive layer P02, the hole 118 is
also filled, thereby simultaneously forming a conductive
member C10. FIG. 4E is a sectional view at this time. How-
ever, the pad P10 may separately be formed after burying the
conductive member C10. According to this manufacturing
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method, both a first insulating layer 121 and a second insu-
lating layer 122 are in contact with the conductive member
C10.

After that, the steps of forming a color filter layer and an
on-chip lens are performed, as in the first embodiment,
thereby manufacturing a solid-state image sensor according
to this embodiment. Unlike the second embodiment, a first
through hole is formed after formation of the dielectric film.
This makes it possible to omit the step of forming the con-
ductive member C10 before formation of the wiring structure,
as compared to the second embodiment.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-078231, filed Apr. 4, 2014, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A method of manufacturing a semiconductor device,
comprising:

a first step of forming a first hole opened to a side of a first
surface of a semiconductor substrate, the semiconductor
substrate including the first surface and a second surface
opposite to the first surface;

a step of filling the first hole with an insulating member;

a step of forming, on the first surface, an insulating film that
covers the insulating member;

a step of forming a second hole in the insulating film and
the insulating member;

a step of filing the second hole with a conductive member;
and

a step of thinning the semiconductor substrate from the
side of the second surface of the semiconductor sub-
strate so as to expose the insulating member.

2. The method according to claim 1, wherein the second

hole is formed from the side of the first surface, and

the conductive member is buried from the side of the first
surface.

3. The method according to claim 1, wherein the second
hole is formed from the side opposite to the side of the first
surface, and

the conductive member is buried from the side opposite to
the side of the first surface.

4. The method according to claim 1, further comprising a
step of forming an electrode to be connected to the conductive
member from the side opposite to the side of the first surface.

5. The method according to claim 1, wherein the insulating
member buried in the first hole is formed from a plurality of
types of insulating layers, and

in the step of filling the first hole with the insulating mem-
ber, out of the plurality of types of insulating layers, a
first type of insulating layer is formed along an inner
wall of the first hole, and then the first hole is filled with
a second type of insulating layer.

6. The method according to claim 2, wherein the insulating
member buried in the first hole is formed from a plurality of
types of insulating layers, and

in the step of forming the second hole, the second hole is
formed so as to extend through a second type of insulat-
ing layer in a depth direction to expose a first type of
insulating layer.
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7. The method according to claim 5, wherein the first type
of insulating layer comprises a silicon nitride layer, and the
second type of insulating layer comprises a silicon oxide
layer.

8. The method according to claim 1, further comprising a 5
step of forming a semiconductor element on the first surface
of'the semiconductor substrate after the insulating member is
buried in the first hole before the insulating film is formed.

9. The method according to claim 1, wherein the semicon-
ductor substrate includes a photoelectric conversion portion. 10
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